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Purpose: : Anterograde identiﬁcation of facial nerve trunk (FNT) identiﬁcation is paramount, because
FNT injury causes substantial morbidity. This study reexamines controversial landmarks and considers
the importance of gender and dentition in landmark choice.
Methods: Distances from key landmarks to FNT were measured and compared by side, gender and den-
tition (92 specimens). Landmarks included posterior belly of digastric muscle (PBM), tragal pointer (TP),
mastoid process (MP), external acoustic meatus (EAM) and transverse process of axis (TPA).
Results: Two-sample T tests showing longer distances from: MP/TPA to FNT in men than in women
(14.8 ± 2.2 mm vs. 13.5 ± 1.6 mm, P = 0.004; 37.6 ± 4.4 mm vs. 32.7 ± 4.2 mm, P = 0.001); EAM to FNT on
occlusal sides than on the counterparts (14.2 ± 1.8 mm vs. 16.0 ± 3.8 mm, P = 0.020). One-sample T tests
showing longer distances from: TP to FNT on right than on left side (21.4 ± 2.7 vs. 19.9 ± 2.9, P = 0.006);
MP to FNT on the less dentulous maxillae than on the counterpart (14.4 ± 2.1 vs. 13.0 ± 1.6, P = 0.027);
PBM/EAM to FNT on the less dentulous mandible than on the counterpart (9.8 ± 1.6 vs. 7.8 ± 2.5, P = 0.039;
16.4 ± 3.0 vs. 14.1 ± 1.5, P = 0.020).
Conclusion: Surgeons should be aware that distances of MP, PBM and EAM, to FNT, are lengthened in
less dentulous patients, especially when maxilla and mandibles are non-occlusive. Overall, soft land-
marks are less reliable than osseous landmarks.
© 2015 The Authors. Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction
Penetration of the parotid gland near the facial nerve has always
raised concerns among surgeons because facial nerve injury is an
important cause of morbidity associated with parotid gland surgery.
The conventional approach is anterograde parotidectomy, in which
the main trunk of the facial nerve (facial nerve trunk, FNT) is iden-
tiﬁed and meticulous anatomical dissection is subsequently
performed to resect the tumor. Therefore, an appreciation of the rel-
evant anatomy associated with the FNT is of signiﬁcant importance
in clinical practice.
There has been a long-term debate over the reliability of osseous
and soft tissue landmarks in identiﬁcation of the FNT. These land-
marks can be chosen because they are easily palpable either
preoperatively or during the course of surgery [e.g. mastoid process
(MP), external acoustic meatus (EAM), styloid process, tragal pointer
(TP) and transverse process of the axis (TPA)], or they represent soft
or hard tissue landmarks that would be encountered during the
course of the surgery [e.g. the posterior belly of the digastric muscle
(PBM), tympanomastoid suture] [1–3].
In the present study, we evaluated anatomical areas that have
been controversial in the literature, taking into account factors that
have not been fully evaluated in previous studies. Speciﬁcally, the
effect of dentition on the reliability of the above-mentioned land-
marks was assessed. We also reevaluated the reliability of osseous
versus soft tissue landmarks and highlighted differences between
the two sexes.
2. Methods
Of the total eighty-one half-head cadaver specimens which were
collected, twenty-eight half-heads were pairs from the same head.
Approval for the research was obtained from the University of New
SouthWales Human Research and Ethics Committee (HREC09372).
The selection criteria for the landmarkswere as follows: the struc-
ture has not been fully evaluated in previous studies, has been
associated with controversy in the literature, and can be easily iden-
tiﬁed. Consequently, the chosen landmarks in this study were the
PBM, TP, MP, EAM, and TPA.
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The distance from each of these landmarks to the FNT was com-
pared between the two sexes, between the right and left sides of
the same cadaver specimens, between the more and less dentu-
lous sides of the maxillae and mandibles of the same cadaver
specimens, and between the sides of cadaver specimens with oc-
clusal maxillae and mandibles and the sides with non-occlusal
maxillae and mandibles. Table 1, Figs. 1 and 2 illustrate the details
of these distances. If more than one maxillary premolar or molar
tooth was lined up with the corresponding mandibular tooth, the
specimen was deﬁned as having an occlusal maxilla and mandible.
Data were collected using prosected specimens from the Uni-
versity of New South Wales and the University of Sydney, where
standard prosections and dissections are routinely performed. Mea-
surements were performed three times using the same digital
micrometer (Mitutoyo Digimatic Caliper; Mitutoyo Corp., Kawa-
saki, Japan), and the average was calculated. The head of each
specimen was extended to 120° as shown in Fig. 3. Statistical anal-
yses were performed using SPSS 20.0 (IBM Corp., Armonk, NY, USA)
(Table 2).
3. Results
The distance from the EAM to the FNT was signiﬁcantly longer
on the sides of specimens with non-occlusal maxillae and man-
dibles than on the sides with occlusal maxillae and mandibles
(difference in mean, −1.8; P = 0.018) (Table 3).
For sex-related variations, Table 4 reveals that the distances from
two osseous landmarks (the MP and TPA) to the FNT were signiﬁ-
cantly longer in male than in female specimens. For the MP, the
difference between the means was 1.3 mm (males, 14.8 ± 2.2 mm;
females, 13.5 ± 1.6 mm; P = 0.004), and for the TPA, the difference
between the means was 3.9 mm (males, 37.6 ± 4.4 mm; females,
32.7 ± 4.2 mm; P = 0.001).
Tables 5–7 show the differences in each distance between the
three paired groups: the left and right sides, more and less dentu-
lous sides of paired maxillae, and more and less dentulous sides of
paired mandibles.
Regarding left and right comparisons, there were no statistical-
ly signiﬁcant differences for any landmarks with the exception of
the TP, which had a mean difference of −1.5 ± 2.7 mm (P = 0.006)
(Table 5). The distance from the TP to the FNT on the left side was
signiﬁcantly shorter than that on the right side in the same cadav-
eric specimen.
For comparisons of themore and less dentulous sides of the same
maxillae, the distance from the MP to the FNT was the only dis-
tance that was signiﬁcantly different between more and less
dentulous maxillae; the difference in the mean was −1.4 ± 1.6 mm
(P = 0.027) (Table 6). The distance from theMP to the FNTwas longer
on the side of the maxilla with fewer teeth than on the side of the
maxilla with more teeth in the same cadaveric specimen.
Table 1
Description of each landmark used in this study.
Landmark Description
Posterior belly of the digastric
muscle
From the facial nerve main trunk origin to the most superior aspect of the posterior belly of the digastric muscle closest to the
mastoid process
Tragal pointer From the facial nerve main trunk origin to the midpoint of the tragal pointer
Mastoid process From the facial nerve main trunk origin to the inferior–anterior point of the mastoid process
External acoustic meatus From the facial nerve main trunk origin to the antero-inferior aspect of the junction between the bony and cartilaginous ear canal
Transverse process of axis From the facial nerve main trunk origin to the superior border of the transverse process of the axis
Fig. 1. Five landmarks used in the present study. Schematic diagram.
Fig. 2. Five landmarks used in the present study. Representative specimen. Double-
headed arrows represent the exact distances measured.
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Finally, the comparison of the more and less dentulous sides of
the same mandibles showed that the distances from the PBM and
EAM to the FNT were signiﬁcantly different between more and less
dentulous mandibles; the differences in the means were
−2.0 ± 3.0 mm (P = 0.039) and −2.3 ± 2.9 mm (P = 0.020), respective-
ly (Table 7). The distances from both the PBM and EAM to the FNT
were longer on the side of the mandible with fewer teeth than on
that with more teeth in the same cadaver.
4. Discussion
In current practice of anterograde parotidectomy, many land-
marks are used. These landmarks are based on cadaveric studies.
However, a few issues remain controversial. One of the longest-
standing debates in this area concerns the question of whether
osseous or soft tissue landmarks serve better for the FNT identiﬁ-
cation (Table 8).
Conclusions regarding the reliability of these landmarks are
mainly based on three factors: the landmark structure is deep, ren-
dering the identiﬁcation process risky and unnecessary; the landmark
structure is soft tissue, which can be distorted easily; and the re-
liability of the landmark structure has been established by
quantitative research.
However, the ﬁrst two factors have been discussed in early
studies, many of which were not well-designed studies, but rather
based on the authors’ own experience [1]. Additionally, although
more recent studies are quantitative, the designs of these studies
can reduce their validity in clinical practice. This was particularly
reﬂected in the study performed by de Ru et al. [2] in which the
authors did not specify how the measurements were taken, such
as whether the specimens were supine, or whether the heads were
extended and rotated to a speciﬁc degree, thereby neglecting the
effects of human error and positional artifacts.
Surprisingly, it was not until 2010 when the importance of sex-
related differences was highlighted. Rea et al. [3] postulated that
any statistically signiﬁcant difference in the facial nerve position is
because of the greater robustness of male than female skulls. In-
terestingly, paradoxical sex-related differences were found in the
present study: the distances from the tympanomastoid suture and
EAM to the FNT were actually longer in females than in males. In
fact, these paradoxical relationships have been documented, but not
highlighted, by both de Ru et al. [2] and Pather and Osman [4].
The present study continued to explore these paradoxical rela-
tionships documented in previous literatures.When comparingmale
and female specimens, statistically signiﬁcant differences were found
for two osseous landmarks: theMP and TPA (Table 4). However, these
differences were not paradoxical; they were greater in males than
in females. Furthermore, the distance from the EAM to the FNT ex-
hibited no signiﬁcant difference between the two sexes, which again
Fig. 3. Fixation of head specimens. The neck of each specimen was extended and
ﬁxed at 120° as shown. The red line extends from the lateral angle of the eye to the
tragus cartilage, and the blue line extends down the transverse processes of the cer-
vical vertebrae.
Table 2
Design of statistical analysis.
Statistics tests To test if there is a signiﬁcant difference
in the distance of each of the chosen
anatomical landmarks to the facial nerve
main trunk between:
Two sample
“T” test
• male and female specimens
• sides with occlusal jaws and sides with non-occlusal jaws
One sample
“T” test
• right and left sides of the paired half heads from the same
specimens
• more dentulous maxillae/mandibles and less dentulous
maxillae/mandibles of the paired half head from the
same specimens
Table 3
Comparison of distances (in mm) between sides of cadaver specimens with occlusal upper and lower jaws and sides with non-occlusal upper and lower jaws.
Landmark Group Specimen Mean Standard
deviation
Min Max Difference
in mean
P-value
PBD O 32 9.2 2.4 4.1 14.5 −0.6 0.390
N 48 9.8 3.8 4.5 27.9
TP O 32 19.7 2.6 13.7 25.9 −1.2 0.071
N 49 20.9 3.1 10.4 30.2
MP O 32 14.1 1.8 10.3 18.2 −0.3 0.560
N 49 14.4 2.5 10.2 24.1
EAM O 32 14.2 1.8 10.4 18.8 −1.8 0.018
N 49 16.0 3.8 11.5 35.7
TPA O 24 34.6 5.0 21.8 44.1 −1.9 0.173
N 18 36.7 4.6 29.9 44.6
Abbreviations: PBD, posterior belly of the digastric muscle; TP, tragal pointer; MP, mastoid process; EAM, external acoustic meatus; TPA, transverse process of the axis; O,
occlusal; N, non-occlusal.
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does not agree with the previously documented paradoxical dif-
ferences in the studies by de Ru et al. [2] and Pather and Osman
[4]. Instead, these ﬁndings conﬁrm the postulation in the study by
Rea et al. [3] that sex-related differences are mainly because of the
greater robustness of male than female skulls, as mentioned above.
The tympanomastoid suture was not used as a landmark in the
present study (Fig. 4). After studying 81 cadavers, we found that the
tympanomastoid suture is not only a comparatively deeper struc-
ture, but also usually requires more comprehensive digital palpation
for its exact identiﬁcation, by which point the FNT can itself usually
be seen. This is consistent with conclusions by Tabb et al. [5], Nishida
and Matsuura [6], and Somnath et al. [7], who found that attempt-
ing to locate the tympanomastoid suture during surgery is associated
with risky and unnecessary problems such as elevating the peri-
osteum and dissecting inferiorly to reach the suture.
With respect to differences between left and right sides, Pather
and Osman [4] found that the distance from the PBM to the FNT
was signiﬁcantly longer on the right than left side (mean, 15.5 vs.
13.8 mm, respectively; P = 0.03). This area was further examined in
the present study by comparing the difference between the right
and left sides of the same head. Interestingly, the distance from one
soft tissue landmark, the TP, to the FNT was signiﬁcantly longer on
the right than left side of the same specimen (P = 0.006) (Table 5).
The coincidental ﬁndings from these two separate studies favor the
conclusion that soft tissue landmarks are subject to a higher range
of variation. The distances were greater on the right than left side
in both analyses. One postulated reason accounting for this differ-
ence is that most people use the right side of their oral cavity as
the dominant side for mastication, which leads to greater soft tissue
bulk on the right than left side [8].
Table 4
Comparison of distance (in mm) of each landmark to the facial nerve trunk between male and female specimens.
Landmark Group Specimen Mean Max Min Standard
deviation
Difference
in mean
P-value
PBD M 38 10.0 27.9 4.7 3.7 1.1 0.108
F 35 8.9 13.8 4.1 2.1
TP M 49 20.5 24.2 13.7 3.2 0.1 0.863
F 36 20.4 24.4 15.2 2.3
MP M 49 14.8 24.1 11.6 2.2 1.3 0.004
F 36 13.5 16.4 11.9 1.6
EAM M 49 15.2 18.8 10.7 2.5 0.4 0.428
F 36 14.8 18.9 10.4 2.0
TPA M 35 37.6 44.6 27.4 4.4 3.9 0.001
F 16 32.7 41.0 21.8 4.2
Abbreviations: PBD, posterior belly of the digastric muscle; TP, tragal pointer; MP, mastoid process; EAM, external acoustic meatus; TPA, transverse process of the axis; M,
male; F, female.
Table 5
Comparison of paired differences in each distance (in mm) between left and right sides.
Distance pair No. of
pairs
Difference
in mean
Standard
deviation
Minimum Maximum P-value
PBD 27 −0.7 3.9 −7.0 14.6 0.306
TP 28 −1.5 2.7 −6.7 4.2 0.006
MP 28 −0.4 2.7 −6.6 6.8 0.358
EAM 28 −0.9 2.9 −10.9 5.6 0.091
TPA 11 −3.3 6.3 −19.2 7.5 0.110
Abbreviations: PBD, posterior belly of the digastric muscle; TP, tragal pointer; MP, mastoid process; EAM, external acoustic meatus; TPA, transverse process of the axis.
Table 6
Comparison of paired differences in each distance (in mm) between the more and less dentulous side of the maxilla.
Distance pair No. of
pairs
Difference
in mean
Standard
deviation
Minimum Maximum P-value
PBD 6 2.3 5.9 −4.2 12.6 0.296
TP 6 0.5 5.2 −5.4 10.4 0.479
MP 6 −1.4 1.6 −3.4 .0 0.027
EAM 6 2.4 3.3 .0 7.4 0.548
TPA 5 2.8 6.8 −5.4 11.6 0.413
Abbreviations: PBD, posterior belly of the digastric muscle; TP, tragal pointer; MP, mastoid process; EAM, external acoustic meatus; TPA, transverse process of the axis.
Table 7
Comparison of paired differences in each distance (in mm) between the more and less dentulous side of the mandible.
Distance pair No. of
pairs
Difference
in mean
Standard
deviation
Minimum Maximum P-value
PBD 12 −2.0 3.0 −7.0 3.5 0.039
TP 12 −1.1 3.2 −6.7 2.7 0.253
MP 12 −0.4 2.6 −6.6 3.1 0.582
EAM 12 −2.3 2.9 −10.9 .0 0.020
TPA 8 −4.0 6.7 −19.2 2.7 0.131
Abbreviations: PBD, posterior belly of the digastric muscle; TP, tragal pointer; MP, mastoid process; EAM, external acoustic meatus; TPA, transverse process of the axis.
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Another major advancement by Pather and Osman [4] was the
consideration of dentition. They found that the distance from the
EAM to the FNTwas signiﬁcantly longer on the non-edentulous than
on the edentulous side (14.4 vs. 11.6 mm, respectively; P < 0.001).
However, they only evaluated the effect of edentulous and non-
edentulous mandibles on these landmarks at a randomized
population level. Additionally, they did not specify the terms eden-
tulous and non-edentulous. For instance, the description of a non-
edentulous mandible could indicate the presence of one to eight
teeth.
Therefore, we used the more accurately descriptive terms “more
dentulous” and “less dentulous.” The side with more teeth was
deﬁned as the more dentulous side, and vice versa. This provided
clearer categorization with which to compare the amount of teeth
from the two sides of the same person when a one-sample “T” test
was used. Likewise, the effect of the maxillary dentition was studied,
which has not been done in previous research.
Comparison of the distances between the more and less den-
tulous sides of the same maxilla revealed that the distance from
the MP to the FNT was longer on the side with fewer teeth in the
same person (P = 0.027) (Table 6). Similarly, examination of the effect
of the mandible by comparison of the distances between the more
and less dentulous sides of the same mandible revealed that the
distances from both the PBM and EAM to the FNT were longer on
the side with fewer teeth in the same person (P = 0.039 and 0.02,
respectively) (Table 7).
These results contradict those of the previous study by Pather
and Osman [4]. The present study tends to support the contention
that signiﬁcantly longer distances are present on the side with
fewer teeth than the side with more teeth, whereas Pather and
Osman [4] arrived at the opposite conclusion. This can be ex-
plained in a number of ways. Pather and Osman [4] did not
specify the term “non-edentulous,” which could describe both the
presence of only some teeth or a full set of teeth. In cadavers with
only some teeth, the maxilla and mandible could be non-occlusal
jaws. This bias can affect the “T” test results. In contrast, the
present study only compared the paired halves of the same
specimen between the more and less dentulous side, therefore
emphasizing speciﬁcally the comparative difference in the amount
or type of teeth on each side.
The concept of occlusal and non-occlusal jaws was ﬁrst consid-
ered in this study as an attempt to explore this area from the
viewpoint of the dynamic relationship between themaxilla andman-
dible. The two-sample “T” test in our study revealed a signiﬁcant
difference in the distance from the EAM to the FNT during com-
parison of the sides with occlusal maxillae and mandibles (mean,
14.2 mm) with the sides with non-occlusal maxillae and man-
dibles (mean, 16.0mm) (P = 0.018) (Table 3). This result tends to favor
the aforementioned ﬁnding that any signiﬁcantly longer distance
is present on the less rather than more dentulous side, given that
most of the less dentulous sides were non-occlusal in this study.
This test design therefore gives anatomists and surgeons a novel and
consistent way to justify the roles of landmarks in locating the FNT:
by considering the vertical occlusion rather than the number of teeth
on each side. The maxilla andmandible should be viewed as a single
biomechanical unit for the purpose of research in this area.
From a surgical perspective, this study describes a unique rela-
tionship between the PBM and FNT. In all specimens observed, the
FNT coursed in parallel to the PBM (Fig. 1b). We would emphasize
the importance of appreciating this relationship during antero-
grade parotidectomy. It becomes particularly useful when the parotid
tail is detached from the sternocleidomastoid muscle, subse-
quently revealing the deep underlying PBM [9]. At this stage, digital
palpation can be applied to identify the upper border of the PBM,
thus locating the FNT at the muscle’s superior end (Fig. 1b). None-
theless, surgeons should note any potential distortion of the anatomy
in patients with large and inﬁltrative tumors, which may destroy
this relationship [7]. In these scenarios, locating the FNT is diﬃ-
cult and should be augmented by palpating other bony landmarks,
which were found to be statistically more consistent than soft tissue
landmarks in the present study and in most previous studies.
5. Conclusions
In this cadaveric study, we deﬁned a new criterion for evalua-
tion of the maxilla and mandible as a single biomechanical unit.
Based on our ﬁndings, we recommend the use of the PBM as a sur-
gical landmark, given its proximity and unique relationship to the
FNT, and the use of the more consistent bony landmarks when nec-
essary to best identify the FNT during surgery.
Table 8
Summary of relevant literature.
Author Year Landmarks studied
Reliable Unreliable
Tabb et al. 1970 SP, EAM, PBD, TMS
Conley 1978 TP, TMS SP
Browne 1988 TMS
Nishida and Matsuura 1993 TMS
Bron and O’Brien 1997 MP, TMS
de Ru et al. 2001 TMS PBD, TP
Pather and Osman 2006 Support TPA
Held equivocal opinions for other landmarks
Rea et al. 2010 TMS PBD, TP, EAM
Somnath et al. 2014 PBD, TP, TMS N/A
Abbreviations: TP, tragal pointer; TMS, tympanomastoid suture; SP, styloid process;
EAM, external acoustic meatus; PBD, posterior belly of the digastric muscle; TPA,
transverse process of the axis.
Fig. 4. Schematic of tympanomastoid suture in relation to other landmarks. TMS,
tympanomastoid suture (gap between tympanic plate anteriorly andmastoid process
posteriorly); TP, tragal pointer; EAM, external acoustic meatus; SP, styloid process;
TPA, transverse process of axis; MP, mastoid process; PBD, posterior belly of the di-
gastric muscle.
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